Mé dau

Nam 1982, Z. Pawlak di gioi thiéu khai niém tap tho dé
cung cap 1y thuyét vé tri thirc va phan 16p. Khai niém tap tho 1a
mot khai niém don gian nhung manh m€ dugc st dung dé xu ly
thong tin khong chinh xac hodc khong day du. Ly thuyét tap tho
va 1y thuyét tap mo (Fuzzy Set Theory) do Zadeh L.A. d& xuit
nam 1965 1a hai 1y thuyét dién hinh nhit vé& cac mé hinh biéu
dién tinh khong chic chin. Cac van d& mé rong cua tap tho nhu
tap tho mo, tdp mo tho, tap tho phu, ... dd va dang dugc nghién
clru.

Bai toan phan 16p dit li€u thyc hién xay dung mot ham tur tap
dir liéu cua mién ung dung vao mot tap nhan cho trudc. Viéc
thyc hién rat gon dit liéu hi€u qua co6 vai trdo quan trong trong
thu nhan két qua phan 16p. Rat gon thudc tinh (attribute
reductionla mot trong nhitng bai toan tng dung quan trong nhat
ctia 1y thuyét tap tho, tap tho phu, tap thd mo.

Trén thé gi6i, mot s luan an Tién sy vé rat gon thudc tinh
theo 1y thuyét tap tho, tap tho phii va tap tho mo da duge cong
bd nhu cua cac tac gia Jensen (2005), Nina (2007), Aleksander
(2010), Norhalina (2013), Verbiest (2014), ... Tai Viét Nam,
mot s6 luan 4n tién sy vé chu d& rat gon thudc tinh theo ly
thuyét tap thé dd duoc hoan thanh nhu Giao (2007), Thuan
(2010), Giang(2012).

Luén an tap trung nghién cuu ky thuat rit gon thude tinh dua
vao md rong cua tap tho, tdp thoé phu, tap thd mo, dac biét co
xdy dung cac dinh nghia vé bang quyét dinh phu diwa vao cac
dan phu, tir d6, dé xudt cac thuit toan rat gon va thuc nghiém
trén cac dir li€u nguoi dung — tap muc, dit liéu da phuong thirc.

- Muc tiéunghién ciru:Thir nhat, luan 4n cung cap mot
téng quan vé 1y thuyét tap tho, tip tho phu va tap thé mo. Thir



hai, luén 4n dé xuét xay dung bang quyét dinh phu dua vao khai
niém dan diéu kién va dan quyét dinh nham ting hiéu niang khai
thac dir li¢u, dac biét ap dung trong bai toan hé tu van.Thu ba,
luan an trinh bay dé xuét vé k¥ thuat rut gon dac trung dua vao
quan hé tap thd mo cho bai toan phan 16p, ky thuat xép hang dir
ligu dac thu trén dir liéu tap tho mo nglt canh.Tha tu, luan an
trinh bay chi tiét v& phan tich twong quan chinh tic va mé hinh
dé xuat ing dung tap thd cho md hinh phan tich tuong quan
chinh tic.

Poi twong nghién ctru ciia ludn an 13 phuong phap rit
gon thudc tinh, rat gon dan diéu kién dya trén ly thuyét mo rong
cua tap thé phu.

Pham vi nghién ciu cia ludn an dugc gidi han &
phuong phap rat gon thudc tinh, rat gon dan didu kién, tap trung
dir liéu nguoi dung — tdp muc va dir liéu da phuong thirc.

Phuwong phap nghién ctru cia ludn an langhién ctu ly
thuyét, d& xuit ky thuat rat gon thudc tinh, rat gon dan diéu
kién va thuat toan cling nhu nghién ctru thyc nghiém dé kiém
ching danh gia cac dé xuét cua luan an.

Chuong 1.Tong quan vé tap thd, tip thé phii va tip thé mo
1.1T4ap tho

1.1.1 Bang quyét dinh

Pinh nghia 1.1. (Bang quyét dinh) Bang quyét dinh 1a mot hé
thong thong tin ¢6 dang T = (U, A),v6i U 1a tap cac dbi twong
va A 1a tap cac thudce tinh, trong do tdp thudc tinh A =C U D
véi C duoc goi 1a tap thudc tinh diéu kién va D 1a tap thude tinh
quyét dinh, tic 1a T = (U, C U D)

1.1.2 Quan h¢ khong phan biét dwgc



Pinh nghia 1.2. (Quan hé khong phan biét dwoc Cho mot
tap con thudc tinh B € A, m0t quan hé khong phan biét
dugc IND(B) trén U xac dinh nhu sau:
IND(B) = {(u,v)|(u,v) € U%, Vb € B (b(u) = b(v))}
1.1.3 Dinh nghia tip tho
Pinh nghia 1.3. (7dp thé) Cho mét tap hiru han khac rong cta
cac ddi twong U va mdt quan hé twong duong R. Khi do, tap
X(X € U) 1a mot R-tap thd néu cip (R(X),R(X)) théa man
R(X) # R(X).Néu R(X) = R(X) thi X 14 tip R-15.
Pinh nghia 1.4. (Vung dwong, ving bién va vung dm) Tap con
X (X € U) c6 thé dugc phan chia thanh 3 ving: ving duong,
bién va vung am.
POS(X) = R(X)
NEG(X) = U —R(X)
BND(X) = R(X) — R(X).
1.1.4 Sy phu thudc giira cac thugc tinh
Pinh nghia 1.5. (Muc do quan trong cua thuéc tinh) Cho
B c C,a € C, muc d6 quan trong ctia thudc tinh a trong C lién
quan voi B (ky hiéu Sig;, (a, C, B)) duoc xac dinh:
Sigin(a,C,B) = yc(B) — yC—{a}(B)
Do do sy thay ddi vé chat luong xap xi néu thém thudc tinh a
vao tap thugc tinh C cling dugc tinh toan:
Sigout(a,C,B) = VC+{a}(B) —vc(B)
1.2.5T4p rit gon va 16i
Pinh nghia 1.6. (Rit gon va [6i)Cho mét bang quyét dinh
T = (U,C U D). Tap thudc tinh B < C duoc goi la mdt rut gon
ctia C néu POSg(D) = POS.(D). Tap céc rit gon ciia C dugc
ky hiéu la RED(C). Loi cua tap thudc tinh C (ky hi¢u



CORE((C)) 1a tap cac thudc tinh dugc nhan tr giao cla tp cac
rat gon cua C. Khi d6, CORE(C) = N RED(C).
1.2T4p tho phu
1.2.1 Dinh nghia vé tap thé phi
Pinh nghia 1.7(Mb td t6i thiéu)
Cho C 1a mét phu cia U

Md.(w) ={KEClueEKA(VSECAUESASCSK =K =S)}
duoc goi 1a mé ta toi thiéu cua u.
Pinh nghia 1.8(Ldng giéng gan)
Cho C la mé6t phu cua U, Ne(w) =n{K € Clu € K} goi la lang
giéng gan cla u.
1.2.2 Rut gon hop ctia mot phi
Pinh nghia 1.9(Phu rut gon hop diroc)
Cho € 1a phu cua U va K € €. Néu K 1a hop coa mot sb tap
trong € — {K}, chung ta noi rang K 1a mot phan tir rat gon hop
dugc trong €. Nguoc lai, K 1a mot phan tir khong rat gon hop
dugc trong €. Néu moi phéan tir trong € 14 khong rat gon hop
duogc, chung ta co thé néi rang C 1a khong rat gon hop duoc.
Nguoc lai, C 1a rat gon hop dugc.
Pinh nghia 1.10(Rut gon hop)
V6i mét pha € cia U, mdt phu it gon hop duoc méi qua phép
rat gon ¢ trén dugc goi 1a rat gon hop cua C va xac dinh boi
ured(C).
1.2.3 Pinh nghia khong gian x4p xi cho tip thé phi
Pinh nghia 1.11(Khéng gian xdp xi ciia mét hé thong tip thé
phii— CRSS)
Cho (U, ¢,CL, CH) la mt hé thong tap thé phi CRSS véi CL
va CH 1a cac xdp xi dudi va trén dbi v6i phu C. Ae, Ae lan
lwot 1a khong gian x4p xi cua CL, CH. Khi do, Ae 1a khong



gian x4p xi dudi cua (U, C,CL, CH), Ap 1a khong gian xép xi
trén cua (U, C,CL, CH), (U,ﬁc,ﬁ@) la khong gian cula
(U, ¢,CL, CH).
Pinh nghia 1.12(Phan tir rit gon dwoc vé todn tir xdp xi phit)
Cho € 1a phu cua U va HL 1a toan tir phu xap xi véi C, A 1a
khong gian xap xi ciia HL, K € C. Khi d6, K 1a phan tir rit gon
duogc cia C néu Ap = Ae—xy- Nguoc lai, K la phan tir khong
rut gon dugc cia C.
Pinh nghia 1.13(Phan tir rit gon dwoc vé hé théng tdp thé phii)
Cho (U, €,CL,CH) 1a mdt CRSS, (U, A¢, Ae) la khong gian
xép xi cua (U, €, CL, CH).K 1a mt phan tir khong rat gon dugc
ciia €vé (U, C,CL,CH) néu Ae = Ae_xva Ae = Ae—()-
Nguoc lai, K la phﬁn td khéng rat gon duoc cua C vé
(U, ¢,CL,CH).
Pinh nghia 1.14(Phu khong rut gon duoc)
Cho C 1a phu cua U va HL 1a toan tir phu xap xi véi C, A 1a
khong gian x4p xi ciia HL, K € €. Khi d6, € 1a phu khong rat
gon dugc vé A néu K € C 1a mot phan tir khong rut gon duoc
ctia C vé Ae. Nguoc lai, C goi la phu rat gon dugc vé Ae.
Pinh nghia 1.15(Rut gon)
Cho € 1a mdt pha caa U, HL 1 toan tir phu x4p xi twong tng
Vi C, Ae 1a khong gian xap xi ciia HL, C € C. €' duoc goi la
mot rat gon clia € vé Ae néu Ae = Age, va €' 1a mot phu chua
t6i gian cua C vé Ap.

red(C) = {C€'|C'1a mdt rit gon cta C véAe}
1.3T4p tho mo
1.3.1 Dinh nghia



Pinh nghia 1.16(DPinh nghia tdp tho mo)Cho tap vii tru khéc
rong U, B 1a mot tap rat gon dic trung B (B € A), quan hé
tuong duwong mo R trén U va mét tap mo F xac dinh trén U.
Tap thé md 1a mot cap xap xi dudi va xap xi trén cia tdp mo F
trong phan hoach %(D C A) véi quan h¢ mo R dugc xac dinh
nhu sau:

RpD(u) = infyey max(1 — R(u,v), F(v));

RpD(x) = supyey min (R(u, v), F(v));
Pinh nghia 1.17(D¢ phu thuéc)Cho R 1a mdt quan hé tuong
duong trén tap vii tru U va tap thudc tinh quyét dinh D. Luc
lugng xép xi biéu dién mtrc do phu thudc cua tap dac trung B
trén D dugc tinh toan nhu sau:
POSg (D
(5, — Zucu POSs (D)
U] ,
Trong d6, |U| xac dinh luc luvong cua mot tap doi tugng.
POSgz(D) = RgD (w),
5(D) ueg/D gD (W)

véi POSg (D) 1a mét vung xac dinh cua phan hoach U/D véi B

Chuong 2.Bang quyét dinh phii va tng dung ciia né

2.1 Bing quyét dinh thé dua phi

2.1.1 Cac dinh nghia

Pinh nghia 2.1(Phu dwoc tao ra cua mot phu). Cho C =
{Ky, K, ..., Kz }1a mot phu cia U. Véi moi ue U, cho C =
N{K; € C,u e K;}. Tap Cov(C) = {Cy |u € U} ciing 1a mot phu
cua U va n6 duoc goi la phu dugc tao ra cua C.

Pinh nghia 2.2(Phu dwoc tao ra cua mot ho cac phu) Cho
A= {C;,C,, ..., C;p}la mOt ho cta cic phu cia U. V&i moi ue U,
cho A, = N{C;y, € Cov(C;)| ueCy,}. Tap Cov(A) = {A, |lue U}
cling 1a mot phu ctia U va duoc goi 1a phu duoc tao ra ctia 4.



Pinh nghia 2.3(H¢ thong quyét dinh phi). Mot hé théng

quyét dinh phu 1a mot cip c6 tha ty S = (U, 4 U D), v6i U 1a
tap vil try, 4la mot ho cua cac phu cua U, va D 1a mot thude tinh
quyét dinh.
Pinh nghia 2.4 (Ving A-dwong cuaD). Cho S = (U,4 U D)la
mot hé théng phu va Cov(4) 1a phi dugc tao ra cia 4. Mot
vung A-duong cua D dugc tinh toan nhu POS,(D) =
Uxeu/p AX), voi ACX) = UfAy| A, < X}

Cho U la tap vii try, gid su ton tai mot quan hé thu ty mot
phan, ky hiéu “<” trong tap cua tat ca tip phi cia U.

Pinh nghia 2.5(Dan cua cac phi)L duge xac dinh nhu mot
dan cua cac phi cua U néu va chi néu L 1a mot tp cua cac phu
ctia U (Cy, Cy, ..., Cp) va v6i moi €y, C, thudc vé L, ton tai Yy, Y,
cling thudc vé L sao cho ¥; < C1,Y; < C,,vaCy <Y,,Cy < Yy

Pinh nghia 2.6(Phu dinh va phu day cua mét dan cua cac
phit) Vi tap vil try U 1a hitu han nén ton tai Ctops Chottom Sa0
cho Crops Chottom thudc vé L va C < Crop (Cporrom < C) v6i
moi C trong L.

Pinh nghia 2.7 M6t bang quyét dinh phu CDT 1a mét bo ba
CDT = (U,CL,DL), v6i CL va CD 1a hai dan cua phu cua tap
vii tru U; CL va CD dugc goi tuong ung la dan diéu kién va dan
quyét dinh.

Dua vao dinh nghia 2.7, ching t6i xac dinh phu dugc tao ra
cua CLvaCD.

Pinh nghia 2.8(Phu duwoc tgo ra cua CL). Cho CDT =
(U,CL,DL) 1a bang quyét dinh phi, TopCL = {S1,S,, ..., S, }1a
mot phu trén cua CL. V61 moi ueU, cho CovCL, =
N{S; € TopCL, ueS;}, khi do, tap Cov(CL) = {CovCL, |ue U}



cling 1a mot pha ciia U va n6 dugc goi la phi dugc tao ra cua
CL.

Cov(DL) va phu dugc tao ra ciia DL cling duoc xac dinh theo
cach nay.

Pinh nghia 2.9(Ving CL-duwong cua DL). Cho CDT =
(U,CL,DL) 1a mot bang quyét dinh pha. Ving CL-dwong cta
DL duogc tinh toan boi

POS¢,(DL) = Uspey CovCLy, (CouDL,)

Pinh nghia 2.10 Cho CDT = (U,CL,DL) la mdt bang quyét
dinh phu. Chang t6i cho ring DL phu thuéc vao CL & muc
k (0 <k < 1),kyhiéu CL », DL, néu
o = [POscL D]

Ul , S
Do phu thudc cua DL vao CL la mét dau hi¢u ve hi€u ning ho
trg quyét dinh ciia bang quyét dinh phu.
2.1.2 Vidu @ng dung
Chung t6i xem xét nhiém vu kham pha céc lut két hop dwa vao

rang budc trong co sd dit liéu chuyén tién. Trong cac luat, tién
dé X va két qua Y 1a cac tap dir liéu tién xac dinh (pre-
determined itemsets). Cho TD 14 tip cua tit ca cac viéc can giai
quyét (the set of all transactions), I 1a tap cia tat ca dir liéu. Vé6i
mdi tip con B € I ton tai mot dan cua dit lidu LB = (28, <),
voi 28 1a tap cua cac tap con B (chira tap rong); “S” 1a quan hé
“tap con cua”. Tién d& dan cua X (ky hiéu LX) va tién dé dan
ctia Y (ky hiéu LY) déng vai trd quan trong cua cac dan diéu
kién (Cac dan diéu kién). Do d6, chung ta c6 mot bang quyét
dinh pha CDT = (T,LX,LY).

Vi du 1.Chol = {4, B, G, H,E}la tap tit ca cac muc trong mot
bd dit li€u giao dich. ChoDla mét tép dir li¢u giao dich chura cac
giao dich sau:

(12)

(13)



Ma giao dich Muc
10 A B,G H,E
20 B,G,H,E
30 A GHF

Vi d6 hd tro toi thicu 1a 0.66, tap muc X = {B, G, H, E}la mot
tap muc dong t6i da. Chiing ta xem xét céc luat két hop cua ca
tién dé (antecedent)vd hé qua(consequent) 1a 2-muc, tic
1a{B,G} — {H,E},{B,H} — {G,E},...

Cu thé, luat két hop{B, G} — {H, E}tuong tmg vdi bang quyét
dinh dwa vao dan phi(D, C(p 3, Cin g3), trong do, dan diéu kien
va dan quyét dinh dugc mé ta nhu trong hinh 1.

Dan diéu kién Dan quyét dinh

Hinh 1. Dan diéu kién va dan quyét dinh cta bang quyét dinh
dLIa dan phﬁ(D, C{B,G]’ C{H,E})

Ta c6 md ta vé cac phu trong dan diéu kién nhu sau:Tap muc
rong@tuong Gmg v&i phi 1a tap vii truCy = {D}. Hai 1-itemsets
{B}va{G}duoc twong ing voi cac phan hoachCyg = {{giao dich
chraB },{giao dich khong chta B}} = {{10, 20}, {30}}; C(5=
{{giao dich chttaG},{giao dich khong chuaG}} = {D}. Mot 2-
itemsets {B, G} twong Ung véi mot phu: Cp 4y = {{giao dich
chuaBva khong chtaG}, {giao dich chtraGva khong chtra B},
{giao dich chtra ca BvaG}, giao dich khong chtira caBvaG}} =
{{10, 20}, {30}}. Phu dinh ciia dan diéu kién TopCLlaCp g3,
do vayCovCL,, = {10, 20}, CovCL,, = {10, 20},



vaCovCLs, = {30}thiCov(CL), phi cam sinh (the induced
cover)cuaCL laCov(CL) = {{10,20},{10,20},{30}}.

Tuong ty, chung ta c6 md ta vé cac phu trong dan diéu kién:
Ciy = {D}, Cigy = {{10, 20}, {30}}, Crppy = {{10, 205,
1303} TopDLIlaCey gy, do vayCovDL4, = {10, 20},
CovDL,, = {10, 20}, vaCovDLs, = {30}thiCov(DL) =
{{10,20},{10,20},{30}}.

Chung t6i ciing c6 bang quyét dinh phu trong hé théng tu van
[Zhang14, Zhang17, Zhang20]. Cho U la tap tit ca nguoi ding
(user), I 1a tap cac muc. Nhu dé cdp & trén, voi moi tdp muc
B < I, ton tai danLB. Dbi voi nguoi dung hién thoi (a target
user) U, ky hi¢u T 1a tap cac muc dugc xem dé loc nhdm tu van.
Chung t6i c6 mot bang quyét dinh phu CDT = (U, LI, LT), vé6i
LI'lamotdancual va LT lamotdancuaT.

2.3Hai bai toan doi véi bang quyét dinh phii

Cho CDT = (U,CL,DL) 1a mdt bang quyét dinh phu, voi CL,
DL tuong tng 1a dan didu kién, dan quyét dinh. Chung t6i xem
hai nhiém vu lién quan véi van dé quyét dinh. Dau tién, ching
t6i dé xuét dinh nghia dan con trong bang quyét dinh phu.

Pinh nghia 2.11(Dan con trong bang quyét dinh phii) Cho L 1a
mot dan cia cac phu. Mot phu BL trén U dugc goi 1a dan con
ctia L néu va chi néu tap cta cac phi trong BL 1a mdt tip con
ctia cac phu trong L va néu mot phu C trong BL thi tit ca cac
phu X trong L c6 X < C trong BL.

Pinh nghia 2.12(Ruit gon trong mét bang quyét dinh phiy) Cho
CDT = (U,CL,DL) 1a mot bang quyét dinh pha. Nhiém vu rat
gon diéu kién trong CDT 1a dé tim dan con CLC cua CL sao cho
POS¢1c(DL) = POS;,(DL).
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binh nghia 2.19 cho chung ta thyc hién bai toan rat gon dan
diéu kién trong bang quyét dinh phu.
Pinh nghia 2.13(Tim kiémsw thich nghi ciia phii quyét dinh
trong bang quyét dinh phii) Cho CDT = (U,CL,DL) 1a mét
bang quyét dinh phi, o 1a mot ngudng 16n hon 0. Nhiém vu
tim kiém sy thich nghi cta phu quyét dinh trong CDT 13 dé tim
dan con DLD cia DL sao cho d tin cdy cua CDTD =
(U,CL,DLD) khoéong nhé hon ngudng o va phu dugc tao ra
Cov(DLD)1a 16n nhét c6 thé theo quan hé “<”.
Dinh nghia 2.13 14 cin cr cho tim kiém mét phu quyét dinh co
su phtt hop nhat.
2.4Thuit toan rit gon dan diéu kién va tim kiém sy thich
nghi ciia dan quyét dinh
2.4.1 Dinh nghia va thudt toan vé rit gon dan diéu kién cua
bang quyét dinh dwa vio dan phii
Pinh nghia 2.14 ChoCDT = (U, CL, DL)la bang quyét dinh dya
vao dan phu. Dan con SCLcuaCLdugc goi 1a mot rit gon cua
CLnéu dd phu thudc cua (U, SCL, DL)bang v6i do phu thude cia
(U,CL,DL). Dan conSCLcuaCLduoc goi la mét rut gon cta CL
néu va chi néu: (1) SCL1a mdt rat gon cua CL, va (ii) néu ton tai
rut gon SCL2 cuaCLvaSCL21a dan con cua SCLthiSCL2= SCL.
Chung t6i dé xuit thudt toan dé quy Reduct Finding dé tim
kiém tit ca cac dan rat gon cua bang quyét dinh dwa vao dan
phu.
Dau vao: Bang quyét dinh dwa dan phu CDT = (U,CL,DL),
hing sé chung pCL 14 d6 phu thudc caa DL;
DPau ra: GCRL chira cac dan rat gon cua CL. Khoi dau thuat
toan GCRL={CL}.
Thuat toan Reduct Finding (CCL, PCCL)

// CCL1a dan diéu kién hién thoi
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// PCCLIa cha ctia CCL (CLchinh 1a cha ctia chinh nd)
IF CCL=CL
THEN
FOREACH dan conSCCLcuaCCL
Reduct Finding (SCCL, CCL)
//Chay trén tat ca dan conCL
END FOR
ELSE
Tinh toan d6 phu thuéc pCCLcua{U, CCL, DL)
IF pCCL = pCL
//CCLIa tap rut gon
THEN
ThémCCLvaoGCRL
IF PCCLchtra trongGCRL THEN
Loai PCCL khoi GCRL
//PCCL is a reduced set but not a reduct
END IF
FOREACH dan conSCCLcuaCCL //chay
tat ca dan concuaCCL
Reduct Finding (SCCL, CCL)
END FOR
END IF
END IF

2.4.2 Pinh nghia va thudt todn vé suw thich nghi quyét dinh cia
bang quyét dinh dwa vio dan phii

Pinh nghia 2.15 (Sy thich nghi phi quyét dinh —Decision
fitting) Cho CDT = (U,CL,DL) 1a bang quyét dinh dwa dan
pht, cho ¢ 1a mt ngudng 16n hon hoac béng d6 phu thudc cia
CDT, tic 1a pCL < o < 1. Nhiém vu vé sy thich nghi pha

12



quyét dinh trong CDT 1a dé tim kiém tit ca cac dan con SDL
cia DL théa man: i) d6 phu thudc cua (U, CL, DL) khong nho
hon o; va ii) do phu thudc cua (U,CL, PSDL) nhé hon o véi
PSDL la dan cha cua SDL.
Chung t6i dé xuét thudt toan dé quy Fitting Finding nhdm tim
kiém tat ca cac dan thich nghi ctia bang quyét dinh dya vao dan
phu.
Dau vao: Bang quyét dinh dya dan pha CDT = (U, CL, DL)
Dau ra: tip tat ca dan thich nghi GCFL v6i GCFL ban dau duoc
khéi tao 1a tap rong.
Thuat todn Fitting_Finding (CDL)

//CDL 1a dan quyét dinh hién thoi
Tinh toan do phu thuécpCDL cta(U, CL, CDL)

IF pCDL >c
THEN
Thém CDL vao GCFL
ELSE
FOREACH dan con SCDL cua CDL
Fitting_Finding (SCDL)
END FOR
END IF

2.5 Ung dung vao hé tu vin

Pinh nghia 2.21 (Ldng giéng ciia mét doi twong) Cho(U, C) 1a
mot khong gian xép xi phd, u 1a mdt thanh vién cia U, thc 1a,
u € U thi

Ne(w) = ﬂ{K € Clu € K}
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duoc goi 1a lang giéng cua x dbi voi (U, €). Pé ngén gon hon,
c6 thé viét No(x) 1a N(x), va ta co N(x) = N Md(x).

Dbi v6i hé théng tu vn cong tic dwa ngudi dung, bang quyét
dinh phu duoc biéu dién nhur sau:
CDT = (U,CLItems,DLItems), voi CLItems la dan cta tap
muc dau vao;DLItems 1a dan cta cac muc duoc loc nhim tu
van cho mot ngudi dung méi trong mot phan cia khoi dong
ngudi. Cac diéu kién cho tap con thudc tinh 1a dugc rut gon cua
tap tho cling nhu moét rat gon dan khai niém can duoc khao sat
dé ap dung dan quyét dinh va diéu kién.

Chuwong 3. Ky thuit rat gon thudc tinh dwa vao quan hé tho
mo va ky thuit xép hang dir li¢u dic thu

3.1 Ky thuit rut gon thudc tinh dua trén quan hé tip thé
mo

3.1.1 Quan hé tho m¢

Pinh nghia 1.3 Cho U 1a mét tap vil try khac rong va a 1a mot
thudc tinh (a € €). Quan hé twong duong m¢ gitta hai mau u va
v trén thudc tinh a duoc xac dinh:

R,(u,v) =1— la(w)—a®)| @

maXi=1+n A(Z;)—MiNj=1.n a(z;) N
Pinh nghia 1.4 Cho U 1a mét tap vil tru khac rong va B 1a mét
tap rat gon thudc tinh. Quan hé twong duong md giita cac mau
trong U trén tap rut gon dugc B xac dinh nhu sau Yu, v € U:
Rp(u,v) = mingep{R,(w,v)} =
min,es {1 B laGw)-a@)| } 3)

maxj=1.n a(z;)—min;=1., a(z;)

Quan hé Rg(u,v) la mdt quan hé twong duwong mo thoa man
tinh phan xa, d6i xtng va béc cau.
3.1.2 Bai toan rit gon thudc tinh dua vao quan hé tho mo
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3.1.3Thuit toan rut gon thudc tinh dwa vao quan hé tho mo
(FRR-RED)
Thuét toan 1:Thuat toan FRR-RED
Pau vao: Tap hiru han n mau U, tap cac thudc tinh diéu kién
C, tap céac thudc tinh quyét dinh D ,Ngudnge dé kiém soat sur
thay ddi ctia chét luong xép xi.
U‘= {ug, .., uy },C ={aq, ..a}, D ={d,,...d;};
Pau ra: Téap rut gon thude tinhB.
1. V u; € Utinh toan mquan hé twong dwong m¢ gitra mdi
may theo cong thirc (2).
2. Tinh d6 phu thuécy(C,D) va cacy; = y(a;, D) Va; €
Ctheo cong thuc (6);
3. Tao tap thudc tinhB = {}va khéi gany(B,D) = 0;
4. For each g; € C
5.1F (y(C,D) —y(B,D) > ¢€) then
6. Tinh todny,,,,.choVa; € C — B
7.IF(yaj = Ymax)thenB = BU{q;};
8. Tinhy (B, D)bang cong thirc (6);
9. End if
9. End if
10. End for
3.2 Qua trinh suy luin mo trong cac hé mo ngir cinh
3.2.1 Mt sé todn tie co ban trong logic mo
Xem xét tap D* = {u = (uq,up, usz)|u € [0,1]3,uy + uy +
us < 1}, ching ta ¢c6 mot ludi hoan chinh (D*, <;) dugc xéc
dinh boi Vu, v € D*:
u<;ve {uy <v,u; 2vU{y =v,u3 > s}
U{u = vy, uz = v3,up < vy}
u=v e {u; =v,u; =v3,u, = Uy}
Ky hiéu I(w) = {v = (uy, v,,u3)|0 < v, < u,},Vu,v € D*.
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Pinh nghia 3.3 Toan to¢ PFN Id mdt anh xa khong tang:
N:D* - D* théa mdn N(0p+) = 1p+ va N(1p+) = 0p-. Néu
N(N(u)) = uVu € D" thi N la mét toan tir phu dinh nglr canh.
Pinh nghia 3.4 Mot ngit canh md t-chun T duoc goi 1a néu va
chi néu ton tai hai t-chuan t,,t, va mot t-conorm s trén [0,1]
thoa man:

T(a,b) = (t;(ay, by), t5(ay, by), s3(as, bs)),Ya.b € D*
Pinh nghia 3.5 Mot ngit canh md t-conorm S dugc goi 13 néu
va chi néu c6 thé dai dién ton tai hai dinh mirc t;,t, va mot t-
conorm s3trén [0,1] thda man:

S(a,b) = (s1(a1, by), t;(az, by), t1(as, b3)), Va,b € D*
3.2.2 Mot s0 1op toan tir kéo theo trong logic mo
Pinh nghia 3.6 Anh xa I:D* x D* — D* 1a PIO cua 16p 1 néu
n6 théa min cac diéu kién bién dudi day:
1(0p+,1p*) = 1p+, v6i 0p+ = (0,0,1), 15+ = (1,0,0)
1(0p+,0p-) = 1p-

I(1p+ 1p*) = 1p-
[(1p+,0p+) = OL?* ’
Pinh nghia 3.7Anh xa I: D* X D* — D*1a PIO cuta 16p 2 n€u nd
thoa man cac diéu kién bién: (3.1) - (3.4) va
I(uqy,v) =1 I(uy, v), Yu, <; uy, v € D* (3.5)
I(u,vy) <4 I(u,v,), Vv, <, v, u € D*
DPinh nghia 3.8 Cho n(a), S(a, b) 1a mot PFN va mot toan tir t-
conorm tuong trng. Mot anh xa I: D* X D* — D* dugc cho baoi
I(u,v) = S(N(u),v),Vu,v € D*(3.7)
Pinh nghia 3.9 Cho n(a), S;qax(a, b) la PEN va mét t-conorm
mo ngir canh. Mot anh xa I: D* X D* — D* cho boi:
I(u,v) = Sy (N(w),v),Vu,v € D* (3.8)
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Pinh nghia 3.10 Mot anh xa I:D* X D* — D* cho boi voi
r=1I1(u,v) €ED*,u € D*,v € D"
I {1D*né'uu <4 1p+hoac b = 1p+

0p+Nguoc lai
1a tdng quét truc tiép cla toan tir ham y c¢b dién sic nét tiéu
chuan.
3.2.3 Quy tic tao thanh ciia suy dién
M6 hinh toan hoc cuia GMP nhu sau.
Cho A, B va B* 1a céc tap mo trong vil try U va V. T “Néu X 1a
Athi Y 1a B” va “Y 1a B* ¢6 thé duoc coi 1a hé qua logic.
Chung ta co thé xem cau 1énh diéu kién trén dudi dang quan hé
mo nhi phan R, nghia la, mét tdp mo U X V, va A* dudi dang
quan hé¢ mo don phan trén U. Nhu vay, GMP c6 thé dugc xem
xét voi mot nén tang quan hé chung. Pau tién, néu f:U - V 1a
mdt ham thi gia tri v= f(u) c6 thé dugc xem nhu hinh chiéu
cua {u} 1én V, nghia la nhu tap {v € V: (u,v) € f}.
Khi f dugc thay thé boi mot quan hé R, va A 1a mot tap con ctua
U thi ngit canh 1a hinh chiéu cia Alén V 1a tap B =
{fveV|(w,v) ERIuE A}
Vé ham chi bao, B(v) = Vyey{(A X V), v) AR(u,v)} =
VaueulA@) A R(u, v)} ,
Cong thtrc trén co6 thé dugc viét dudi dang B = R°A trong do°
13 toan tir thanh phan ctia R va A. Khi A * va R twong tng 1a cac
tap con md cua V va U x V, thanh phan twong duong R°A* sinh
ra mot tdp con mo cua V.
Khi 4p dung quy trinh nay cho gian 46 GMP

IF X is A* THEN (X,Y) is R

B* = R°A

trong d6 R 1a mot quan hé mo trén U X V dai dién cho “If X is
A then Y is B” ¢6 diéu kién.

17



Néu R(u, v) = (A(w) = B(v)) trong d6 => 1a mét toan tir kéo
theo mo va mot cach khai quat hon, t-chuin dic biét T(x,y) =
x Ay c6 thé dugce thay thé bing mot toan tir tiéu chuén t mo tuy
¥ T(u, v) trong phép toan thanh phan giita cic quan h¢, dan dén
két qua cia CRL

B*(v) = Vueo{T((AW) = B)), AW)}  (4.2)

Béng cach chon toan tir t-chudn va toan tit kéo theo mo cu thé,
chung ta ¢ thé co duoc mét xtr Iy suy ludn cu thé theo logic
mo.

Quy tdc cdu thanh cua suy ludn trong thiét ldp logic mo ngir
canh (PFL-CRI)

Xem xét thuc t& mo cia ngit canh: “X is A” va R 12 mot quan
hé ngir canh gita U va V, trong d6 A* € PFS(U),R €
PFR(U x V).

Bing cach 4p dung PFL-CRI, ching ta thu dugc anh mo thyc té
B. Biéu dién diéu nay dudi dang luoc db suy dién, chung ta co:
If Xis A*and R(X,Y)is R thenYis B=R o A*

Ta sit dung I(a, b) dé xac dinh quan h¢ hinh R. Cho hai PFS:
A € PFS(U) va B € PES(V), ching toi tinh toan V(u,v) €
UXxV:

(ur(w,v), (W, v), v (u, v)) =
I1((1a(u, v), na(w, v), v4 (w, v)), (g (, ), np (w, v), v (1, )

Str dung dinh nghia cua quan hé nglt canh R véi toan tir thanh
phin mo ngit canh dugc dua ra trong [Cuong2014], dé dang
nhan thiy ring PFL- ICR 1a mét phin m¢ rong cua CRI dya
trén mo.

3.3 K¥ thuat xép hang ddi twong dwa vao tap thé mo ngir
canh
3.3.1 Bai todn
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Cho khéng gian vii tru U = {uy, Uy, ..., Uy, } 12 tap cac dbi tugng
can phan 16p. Tap L = {l;,1,, ..., L,,,} 1a tdp céc tiéu chuan can
danh gia. Tap Yy, Y,, Y3 lan luot 14 tap thong tin két qua cac dir
lidu duoc binh chon theo cic phuong 4n & cic tiéu chuén.
Chung lan luot 14 cic ma tran thé hién thong tin twong tng
“hoan toan ddng ¥, “ddng ¥ va “khong dong y” clia cac phan
ti trong tap nén U. Vén d& can thuc hién, do 1a xay dung bo
phan 16p trén cac tiéu chuén.

3.3.2 Ky thudt phan lop cho xir ly dit li¢u thé mo ngii canh
3.3.3 Ung dung xép hang déi twong theo két qua bé phiéu tin
nhiém

Chung t6i 1dy ngiu nhién mot mau gdm 7 vién chirc da duoc
danh gia boi 15 thanh vién trén 5 tidu chi khac nhau. Tiép theo,
chung toi s6 hoa tdp dir liéu thanh mot tdp hgp hitu han
U = {uq,uy, ..., u7}, mot tap cac tiéu chi L = {ly, 15,13, 1y, 5} va
céc két qua bo phiéu trong Y7, Y,, Y3 nhu trong Bang 3.1:

Vetiag "Agre’ A,
] And LYY [}
w, I8 i ]
' (N 3 3
FH L 0 i
3 T =
! The pichurs 4| . I
= s |mEEnE | EwasE | |
mbored e B | OITS0U5AE | SIL01HI0]
LT I
i T W] 1
1 ] [ iy . i,
o Comddtiom [ 00| 03000 (BRG] !
— bin ], M| CLORE | 000 03085 I
[ b e |
1 (T4 | 02008 [ (030EG4] (R |
P el i o —
LY ] u u u |
Ly Corptatnang 3 (]
R pemelien | wa0% | 08030 WEA | |
1 i o Ui | GFORA) | BEAEL (LB 1
L= ey
1 N | 0500 | em EEET J
P o e e e et e |
Y= I
- (]

Hinh 3.1 So dé phan 16p cho xir Iy dit liéu tdp thé mo ngir canh

19



Bang 3.1 Thong tin trén ¥ kién bé phiéu dwa 5 tiéu chi

w, [3]10 [10 |10 | 15 ! 0 0 w, |12 |5 0
w &[5 [8 |10 |0 w, (12205 u, |6 B 10
w, 2|7 |8 |10 | 10 ™ AEEE u | 6 B 5
w, [ |10 [e [10 |11 w, [2]0]1]0]0 u, | 8 B 3
w. | 2|8 |8 |10 |0 u AEEE w, |10 [ 7] = [E]
w | 718 [5 |10 |12 g 01|00 E AE 3
w |&l6 |8 |10 | s i N G o 9] 6 T

Trong d6: Y; két qua “hoan toan dong y hodc dong y” trén
tap dir liéu & cac tiéu chuan. Y, két qua “Khong ¥ kién” trén tap
dir liéu & céc tiéu chuén. Y; két qua “khong dong ¥ trén tap dit
lidu & cac tiéu chuan.

Nhiém vu can thyc hién: Tim kiém bo phan 16p trén mdi tap vii
tru khong gian mo.

Thuc hién cic bude theo so dd Hinh 3.1, ching t6i thu nhan
duogc bang cudi vé két qua x4p xi thd md A trén tiéu chuin I,

pfas) L 3 ""
o | 057000033 | (06T00003 | (ETA00033)
u, | (033014053 ©067.0.00033)

e e
(0.67.,0.00,033)

us | 040,007,053
wa | 033,014,039
us | 033,000,
ue | (093,000,047)
ur | (0.40,0.00,0.60)

TR

0.33)

xét két qua xap xi thé mo ngit canh pf as,l t v6i tap mo ngit canh
I, ta c6 4 10p gom {u,}, {us, u,}, {uy, us, ug} va {u,}. RS rang,
u, ¢6 muc do thap nhét va u; c6 mirc dd cao nhét. Cac phan tir
thuoc cung 1 16p ciing co thir tu muc d6 chiém wu thé khac
nhau. Thir ty cic phan tir dugce xép hang theo tiéu chuan [; véi
tap mo [, nhu saw: u, < u; < uz < {us, ugl < uy < uy.

Xét két qua xap xi thé md ngir canh pfas,l1 véi tdp mo ngil
canh I, ban diu ching t6i thu dugc 3 16p {ug), {uy}
va{uy, Uz, Uy, Us, Uy }. Tuy nhién, cac phan tir thudc cing 1 16p
cling c6 thu ty mirc do chiém wu thé khac nhau. Tht tu cac
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phan tir dugc xép hang theo tiéu chuin I, véi tap mo I3 nhu
sau:

Ug < {uy,uz,us} <uy <ug <uy
Tir viéc két qua trén cho thay, trén mdi khong gian nén, tai mdi
thoi diém khac nhau véi cac phép thir tip mo ngir canh khac
nhau, ching ta thu nhan dugc cac by phan 16p theo xép hang
khong giéng nhau.
Vi du minh hoa cho théy, thr nhat, hoan toan tao dugc mot
phan hoach phuc vu phan 16p cac phan tir dwa vao tap xap xi tho
md ngit canh. Thir hai, trén mdi quan hé R;; khac nhau, c6 thé
xay dung dugc khong gian xap xi md khic nhau. Vi thé, ching
t6i co thé dwa vao dé phan 16p ddi twong va so sanh theo tiéu
chudn khi 1iy két luan vé xép hang (hay phan 16p) cac phan tur.
Tht ba, trén mdi khong gian nén mo, chiing t6i xac dinh dugc
mot x4p xi dudi ciia mot ham mo ngit canh. Dya thong tin x4p
xi dudi ndy va quan hé ciia sé6 mo ngit canh, chung toi sap xép
duoc mot bo thir tu phan 16p méi trén mdi tidu chi khac nhau.

Chuong 4.Ung dung phan cum thé cho tim kiém da phwong
thire

4.1Bai toan vé mé hinh ALCCA-CMR

V6i hai tap da phuong thirc (chang han, tip am thanh va tap 1oi
bai hat), viéc can 1am xac dinh danh sach cac dir liéu phuong
thirc c6 li€n quan.

ALCCA-CMR c¢6 hai vin dé phu: ALCCA va CMR. Budc
ALCCA tim mot khong gian con chung mét cach hiéu qua bang
cach hoc ddi nghich va CCA.

Sau d6, budc CMR truy xuét phuong thirc chéo dia trén khong
gian con chung.

* Budc ALCCA:
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Pau vao: Cic ma tran dic trung cua hai phuong thic nhu
A={ay,...,an}, T = {t;,...,t,} va ma trdn nhidn L =
{ly,..., 1}, v6i n 1a s6 lwong mau; A va T 1a tap dir liu 4am
thanh va van ban 16i bai hat tuong Gng.

Dau ra: Mot md hinh ALCCA tim mot khong gian con chung S
dé anh xa chéo phuong thirc.

* Budc CMR:

Dau vao: cho mot truy van 4m thanh /11 bai hat

Dau ra: Danh sach 4m thanh va 16i bai hat ¢6 lién quan béng
cach do d6 twong ddng cosine.

Audic representation persrabion

== CHR Evaluation
=
Madel
- kb -
Text representation peneraton
PoTet |y fenture mapmog Wocany |
| teanre. | prag oty )

Hinh 4.1 So do tong qudt vé mé hinh d@é xudat ALCCA-CMR

4.2 Hoc dbi tac va phan tich twong quan chinh tiic

Hoc dbi tac. Ching t6i dua trén viéc hoc ddi tac giéng nhu
[Wang2017] dé thuc hién cho vin ban 4m thanh va 101 bai hat.
Trong hoc ddi tac, phép chiéu dic trung dugc huén luyén dé tao
ra cac dic trung bat bién ctia phuong thirc nham t6i da héa 15i
phan 16p phuong thirc trong khi trinh phan 16p phuong thirc
dugc huan luyén dé téi thiéu 15i cia nd.

Phép chiéu dic trung. Muc tiéu ctia phép chiéu dic trung thuc
hién xir Iy nhiing 4m thanh va 15i bai hat phuong thirc-bét bién

22



vao mot khong gian con chung. Trong phép chiéu dic trung,
chung t6i st dung embedding loss. Lemb dugc xay dung nhu su
két hop gilta phan bi¢t mat mat néi bo (intra-modal
discrimination loss) v mit mat bét bién Limi véi Lreg chinh
quy (inter-modal invariant loss Limi with regularization Lreg)
Lema (84,07, 0ima) = . Limi + B.Lima + Lyeg

Lima(Ouma) = = 21y (e (logpi(a) + log (1 - u(t))

v6i m; 1a nhan phuong thic co ban-suy thuc cua mdi truong
hop, dugc biéu thi bang vecto one-hot, p 1a phan bd xéac suat
cuia cac danh muc ngir nghia trén mdi muc.

Limi(84,07) = Limi(84) + Limi(67)(4.3)

=i l2(ait;) + 2o (o @)

V6i cac siéu tham s6 a va B kiém soat su dong gop cua hai s6
hang. Tét ca cac khoang cach giira anh xa dic trung f,(4,6,)
va fr(T,07) trén mdi cip muc (Am thanh, vin ban), cip muc
(a;, t;) dugc st dung [, dinh murc.

Lreg = koo (WA + W)

trong d6 F biéu thi dinh muc Frobenius va W,, W, dai dién cho
cac tham sb 16p-khon ngoan ciia mang no-ron sau.

B§ phan 16p phwong thirc. La bo phan loai phuong thitc D voi
tham s6 0p duogc kich hoat nhu mot trinh phan biét. Mét mat
chéo-entropy cuia phan 16p phuong thirc dugc tinh toan nhu
cong thuc (6).

Laas (@) = =231, (me (1ogD(@;05) + log (1 = D(2::6,))))

T6i wu héa. Cac t6i wu hoa cta hai ham dbi tuong c6 muc ti€u
trai ngugc nhau, xir ly dwoc thyc hién nhu tro choi nhd
[Goodfellow2014] nhu sau:

64, b7, Oimg = argmingg, g9, ) (Lemd(eA. Or,6ima) — Ladv(éD))

i
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6 = argmax,) (Lemd (Bar 07, 0ima) — Ladv(eD))

Nhu trong [Wang2017], t8i wu hoa t6i thiéu duoc thuc hién hiéu
qua bang cach két hop 16p dao nguoc dd doc (Gradient Reversal
Layer (GRL)). Néu GRL duoc thém viao trude 16p dau tién cua
bophan 16p phuong thic, chung t6i cip nhét cic tham sb mo
hinh béang cach sir dung cac quy tic sau:

HA < HV - U VOA (Lemb - Ladv)

HT < HT — K. VOT(Lemb - Ladv)

gimd < gimd — K. Veimd (Lemb - Ladv)

GD < 9D + u. Veimd(Lemb - Ladv)

Véi p 1a ti 16 hoc. Két qua cua hoc dbi tac hoc dai dién trong
khong gian con chung: f; (4, 8,) va f+(T,07).

4.3 Thuat toan ALCCA

Thuit todn 1: M4 gia cia thudt toan ALCCA

1: procedure ALCCA(A, T)

2 Extract audio and lyrics features Fy « A Fp « T
3: for each epoch do

4: Randomly divide Fy, Fr to batches

5 for each batch of audio and lyrics do

6: for each pair(a, 1) do

7: Compute representations f; and f7
8: for k steps do

9 Update parameters 0, as Eq. 9

10: Update parameters 6 as Eq. 10
11: Update parameters 8,,,, as Eq. 11
2: Update parameters 6, as Eq. 12
13: Learned representation in § = (fy, fr)
14: x « fi(a)
15: y « by fr(f)
16: get converted batch (X, ¥) from (x, y)
17: Apply CCA on (X, ¥) to compute w,., w,, as Eq. 13
18: Compute number of Canonical components

4.4 Truy hdi chéo phwong thirc
4.4.2 Truy héi chéo phwong thirc
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Chi s6 danh gia. Trong danh gia truy xuét, chung toi str dung
d6 do danh gia tiéu chuén, do do nay dugc s dung trong hau
hét cac nghién ctru trude day vé truy xuat chéo phuong thuc,
nghia 12 xép hang 1 dbi ung (MRR1) va recall@N. Vi chi c6
duy nhat mot 4m thanh hodc 10i bai hét co lién quan, MRR1 ¢6
thé hién thi tho hang cta két qua. MRR1 dugc xac dinh boi
cong thuc (14)

_ 1 $Ng 1
MRR1 = Ng Zi=1 rank;(1)

Véi N, la s6 luong truy vén va xép hang rank; (1) twong tng
v6i thir hang ciia muyc c6 lién quan trong truy van thtr i. Ching
t6i ciing dénh gia recall@N dé xem xét tan sudt ciia muc c6 lién
quan duoc dua vao dau danh sach dugc xép hang. Cho Sqla tap
cac muc co6 lién quan cua no (|Sq| = 1) trong co s¢ dit li€u cho
mdt truy van nhat dinh va hé théng cho ra mot danh sach duoc
xép hang Kq(|Kq =N |) Sau do, recall@N duogc tinh toan boi
Cong thirc (15), cong thirc nay 1a trung binh ciia tat ca cac truy
van.

[Sankq|

recall@N = 541
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